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Mammoth Cave National Park (MCNP) is home to the longest cave system in the 
World and is dissected by the Green River, one of the most speciose watersheds on the 
continent. Cave springs create a direct aquatic link between subterranean waterways and 
the Green River. The history of these subterranean river systems is filled with eyewitness 
reports of various species of surface water (nontroglobitic) fishes, including introduced 
rainbow trout. This study documents the occurrence of Green River fish species in the 
cave system of MCNP. Four sites were sampled over a two year period using a variety of 
gears. In total, sampling yielded 1849 individuals (mostly larval/juvenile) of 22 species 
representing nine families. Of the 22 species, 12 have never before been documented in 
the cave environment. The effects of local hydrological events on the abundance of 
Green River fishes in the cave system were also examined. Catch per unit effort of larval 
fish was shown to be significantly higher following high water flow reversal events 
indicating that most individuals are accidentally washed into the cave environment. 
These fish likely influence energy flow in the cave ecosystem. Flow reversal is 
dependent on a dynamic between river stage and local ground water level. Releases from 
the Green River Dam, upstream of the park, influence river stage and therefore flow 
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reversal events. In this way anthropogenic water control affects processes important to 
energy flow in the cave environment. 
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Caves and the organisms that inhabit them have been the focus of a relatively 
large body of research. Much of the literature has focused on the description of newly 
discovered cave organisms (Packard 1875; Putnam & Packard, 1871; Weber and Wilkens 
1998; Espinasa et al. 2001). Additionally cave organisms, especially fish, have been 
studied as unique evolutionary experiments (Jones 1992; Culver et al. 1995; Jeffery 
2001), and the loss or reduction of eyes has come of interest to developmental biologists 
hoping to gain insight into human sight disorders (Berti et al. 2001; Parry et al. 2003). 
However, a paucity of data exists concerning epigean (i.e., surface water) fishes found in 
caves, and with the exception of a few studies (Poly & Boucher 1996; Poly 2001), very 
few broad scale investigations of nontroglobitic fish in cave habitats exist. Even these 
studies did not focus on the deep cave environment, instead sampling fishes from sinking 
streams near the surface. Biological sampling in the deep cave environment presents a 
host logistical limitations based on the inherent inaccessibility of this type of 
environment. 
Caves occur throughout the world and are often common in regions with 
limestone geology, such as south central Kentucky (Dougherty et al. 1998). They are 
most often the result of water movement through soluble bedrock (Palmer 2002) though 
they may be formed by other processes, such as volcanic activity (Moore & Sullivan 
1997). Caves are often thought of as being homogeneous, stable, low nutrient 
environments (Moore and Sullivan 1997), however this is not always the case. For 
example, sinking streams are aquatic cave habitats that are subject to similar 
environmental fluctuations and disturbances as surface waters. Because much of the 
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water in caves comes from percolation, caves are threatened by non-point source 
pollution from agricultural runoff, residential and industrial waste mismanagement, and 
illegal dumping (LeGrand 1973; USGS 2002). For these and other reasons many 
indigenous cave organisms are rare and some, like the Kentucky Cave Shrimp 
(.Palaemonias ganteri), have been placed on the Federal Endangered Species List 
(Hermes et al. 2001). 
Mammoth Cave National Park (MCNP) is home to the longest known cave 
system in the world with over 490 km of mapped passageways (Thompson & Thompson 
2003) and an extensive network of subterranean waterways. MCNP is also home to the 
Green River. With 151 known fish species (Cicerello and Hannan 1991), the Green 
River is one of the most specious watersheds on the continent. Subterranean water in 
MCNP emerges at cave springs on the banks of the Green River creating a direct aquatic 
link between the surface and subterranean ecosystems. 
Because direct access to the caves in MCNP exists, fish species representing all 
four ecological classifications of cave related organisms (Barr 1960) appear to be present 
in the park's subterranean waters. Three species of troglobitic (obligate cave dwellers) 
amblyopsid cave fishes have been documented in the Park's cave system as well as the 
troglophilic (Burr 2001) banded sculpin (Cottus carolinae)(Cicerello & Hannan 1991). 
Troglophiles are organisms that are capable of carrying out entire life cycles within the 
cave environment but are also found in similar epigean habitats. Spotted bass 
(Micropterus punctulatus) and other centrarchids are commonly found in and around 
cave springs, likely taking refuge in the caves and returning to the surface to feed. These 
species are categorized as trogloxenes; they temporarily or marginally inhabit caves but 
3 
must return to the surface to complete their life cycle. Other fishes found in caves are 
classified as 'accidentals.' Accidentals are those species that are actively or passively 
transported into the subterranean environment and are unable to return to the surface or 
survive for extended periods. Troglophiles, trogloxenes, and accidentals are all 
considered nontroglobitic organisms. However, it is not always simple to classify a 
nontroglobitic fish into one of the three classifications and classification is best done on a 
case-by-case, or population-by-population basis (Poly & Boucher 1996). 
The impetus for this study came from concern by MCNP biologists that 
introduced rainbow trout were inhabiting the caves as trogloxenes and might be having 
negative effects on native troglobitic species. The history of MCNP is filled with 
eyewitness accounts of various nontroglobitic fish species inhabiting the waterways in 
the cave system. Of particular interest to the National Park Service is a report (Leithauser 
& Holsinger 1983) of rainbow trout (Oncorhynchus mykiss) inside the cave system 
preying upon the endangered Kentucky cave shrimp. No salmonid species are native to 
the Green River Drainage, and they therefore exist in the watershed as a result of 
Kentucky's angling based stocking program. Rainbow trout are stocked into the Nolin 
River Dam tailwater at a rate of 16,600 fish per year (J. Grey Director USFWS Wolf 
Creek National Fish Hatchery, personal communication 2005). This tailwater flows into 
the Green River in the downstream reach of MCNP. Another potential source of trout in 
the park is Lynn Camp Creek (62.6 km upstream of MCNP), which receives 4,000 
rainbow trout annually. Trout stocked into these tributaries are of hatchery catchable size 
(approximately 25 cm) (J. Grey Director USFWS Wolf Creek National Fish Hatchery, 
personal communication 2005). It is feasible that these trout could disperse throughout 
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the Green River as water temperatures fall in autumn. As water temperatures rise in the 
spring trout would seek cold water refugia (Hocutt et al. 1982; Torgersen et al. 2003), and 
cave springs offer just such habitat. 
The initial purpose of this project was to survey nontroglobitic fishes, particularly 
rainbow trout, in the subterranean rivers of MCNP and assess the interactions of trout 
with indigenous cave fauna. During the first field season it became evident that local 
hydrological events may be influencing the presence of fishes in the caves. We therefore 
incorporated an investigation of the effects of high water flow reversal events on the 
presence of nontroglobitic fishes in caves into the survey during the second field season. 
Flow reversal is a phenomenon that occurs when river stage rises above local 
ground water level. During these events water from the Green River backs up into the 
caves and, in one location, joins two distinct cave drainages into one system. In that 
system, water enters the cave complex via the upstream springhead and exits at the 
downstream, forming an underground river flowing parallel to and fed by water from the 
Green River. 
Flow reversal events are generally characterized by a rapid change in temperature 
and an increase in conductivity and turbidity in the subterranean rivers (Figure 1). Flow 
reversals can happen at any time of the year and are capable of increasing or decreasing 
water temperature depending on the season. Because flow reversals are dependent on the 
dynamic between river stage and ground water level, anything that influences river stage 
can have an effect on the timing, duration, and frequency of these events. This influence 
may include both upstream and downstream impoundments. During a flow reversal 
event organic matter from the river is imported into the caves. It is likely that epigean 
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fish are entrained into the subterranean environment in this manner, as it has been shown 
that larval fish are subject to dispersal based on river flow (Humphries et al. 2002). The 
importation of organic matter, especially fish, could have an important influence on 
energy flow through the cave ecosystem (Humphreys 1991). 
We tested the hypothesis that fish abundance in the caves would increase during 
and immediately after flow reversal events. We selected four sampling sites, three which 
receive flow reversal and one which does not. We then used 2004 survey data to 
compare catch per unit effort (CPUE) between periods of flow reversal and normal flow 
conditions at the three experimental sites and at the negative control site. The results are 
discussed with reference to energy flow in the caves and the potential effects of 
anthropogenic water control in the system. 
METHODS 
Site Descriptions 
Mammoth Cave National Park is located in Barren, Edmonson, and Hart counties 
in south central Kentucky. The cave system for which it is named is situated on the south 
side of the Green River. Rain falling on the landscape enters underground rivers from 
sinking streams, sinkholes, or by direct leaching through the ground. Study sites were 
chosen based on accessibility, volume of water present, and connectedness of the site 
within the subterranean river system. Four study sites were included in this study. 
Dead Sea (DS) is a karst window-like opening approximately 1.4 river km from 
the River Styx Spring. Karst windows are so named because while they appear to be a 
pool, they are in fact a punctuated opening into a subterranean river. This site is an 
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approximately 15 x 6 m oval shaped window into the River Styx system. The site was 
once part of a Park Service tour route and is therefore bordered by a catwalk on two 
sides. The catwalk is approximately 5 m above water level. Access to water level at DS 
is difficult as the site is flanked by sheer rock walls and steep mud banks. 
River Styx Proper (RSP) is a stream-like portion of the River Styx spring system 
upstream of DS. This site is also flanked by a catwalk as it was once part of a cave tour 
route. Samples were taken where the terminal end of the catwalk meets a permanently 
watered pool. This site is shallow and therefore greatly affected by water level 
fluctuation. During higher flows several hundred meters of habitat exist, but at normal 
summer flow much of this habitat is dewatered. The RSP sight is approximately 1.5 river 
km upstream of River Styx Spring. 
Echo River Proper (ERP) encompasses several hundred meters of stream-like 
habitat in the Echo River spring system. The most upstream portion of the site contains a 
bridge and riprap structure as it was once part of a tour route. The riprap separates two 
pools. The bridge leads onto a sand bar that extends approximately 50 m downstream 
and is flanked on one side by the main water channel. From the end of the sandbar the 
waterway continues for several hundred meters flanked by sheer rock walls. Access to 
this downstream portion requires a raft. During flow reversal events, water from the 
Green River enters River Styx Spring and flows into the Echo River system eventually 
exiting through the Echo River Spring. The entirety of the Echo River system has been 
surveyed, and it is approximately 1.0 river km from our site to the Echo River Spring. 
Owl Cave (OC) is a karst window with approximately 40 m of stream like habitat 
approximately 2.4 river km upstream of Turnhole Bend Spring. This site is hourglass 
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shaped, with flow emerging from below one sheer rock wall and escaping below the 
opposing wall 40 m downstream. Not only is the site narrowest in the middle but it is 
also shallowest there. Approach to the site is down a steep mud bank, and access to the 
far shore to anchor sampling equipment requires a raft. Owl Cave is fed by 
approximately 14 sinking streams, located east of MCNP. Although water level 
fluctuated with precipitation and river stage, the site did not experience backflow or flow 
reversal. 
All sites vary in size, area, and accessibility based on water level. Echo River 
Proper and RSP are largely inaccessible during peak spring flows, and both have isolated 
or dewatered portions during low summer flows. DS and OC both vary greatly in surface 
area based on flow conditions. For these reasons areas and distances are given as 
approximations. The river distances were estimated by multiplying the linear distance by 
a sinuosity constant of 1.5, as calculated by Glennon (2001) for groundwater drainages in 
the MCNP region. All of the sites are accessible by foot, with only the most downstream 
portion of ERP and the far shore of OC requiring a raft for access. Because cave 
passageways and watercourses are convoluted, the exact distances, linear or river course, 
from the sites to their respective cave springs are not known, except for River Styx which 
has been surveyed in its entirety. Connectedness of the sites was determined by the Park 
Service using dye trace methods (J. Meiman Mammoth Cave National Park Hydrologist, 
personal communication 2005). 
Sampling Methods 
Sampling was conducted June to August 2003 and May to August 2004 (Table 1). 
In 2004, high springtime flows limited our access to ERP and OC delaying the onset of 
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sampling at those sites. Because no literature could be found outlining sampling of 
nontroglobitic fish in the deep cave environment, we used a variety of gears in an attempt 
to conduct the most complete survey possible. We set gillnets to collect large species, 
minnow traps to capture smaller species, and quatrefoil light traps to sample larval and 
juvenile fish. Fish were also collected with a dipnet and a backpack electrofisher. 
In 2003 we set 2.54-cm bar mesh monofilament gillnets (Nylon Net Co., 
Memphis, TN USA), an appropriate size for capturing harvestable size trout (Hubert 
1996), at all sampling sites in early June and removed the nets in early August. This 
sampling period was chosen because it covered the period of summer low flow and high 
water temperature in the Green River. This period the one during which trout residing in 
the Green River would be forced to seek thermal refugia and would, therefore, be isolated 
in the caves or cave springs. Gillnets varied in length from 4.6 to 10.1-m to 
accommodate individual morphology of each site, and nets were set perpendicular to 
flow where possible. Gillnets were attached to existing structures or were anchored to 
cave walls using removable rock climbing style pitons. 
At DS, a 10.1-m net was suspended from the catwalk surrounding the site and 
manipulated via ropes attached to each end of the net. One 6.1-m net was set 
perpendicular to the catwalk and the opposing rock wall at the RSP site. A 6.1-m net was 
anchored to each bank at the narrowest portion of the OC site. Three nets were set at 
ERP: a 4.6-m net extending from the catwalk into the most upstream pool, a 6.1-m net set 
off the downstream edge on the sandbar, and a 10.1-m net anchored on the rock wall at 
the most downstream end of the exposed passage. Multiple nets were used at this site 
because of its large size and varied habitat types. Gillnets were checked biweekly, with 
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no more than four days between sampling runs. This biweekly schedule became the basis 
for all passive sampling efforts. All fish captured during this study were immediately 
preserved in 10% formaldehyde, with the exception of a few easily identified individuals 
that were utilized in a concurrent stable isotope analysis study (Compson, 2004). Catch 
per unit effort (CPUE) was calculated as fish captured per net night. 
Early in the 2003 field season, nontroglobitic fish too small to be captured by 
gillnet were observed. After initial sightings a dipnet was incorporated into the sampling 
regimen. Standardization of dipnetting effort was made difficult because sites were 
either too small or inaccessible to allow adequate searches. We installed quatrefoil 
lighted larval fish traps (Floyd et al. 1984) and baited collapsible minnow traps (Nylon 
Net Co., Memphis, TN USA) at ERP, OC, and RSP in late June 2003. Quatrefoil lighted 
larval fish traps incorporate a small, battery-powered light source to attract larval and 
juvenile fish into a collection basin. Minnow traps were baited with a small amount of 
dry dog food. Minnow trap and quatrefoil light trap CPUE's were calculated as fish per 
trap night for every site. 
At various times during the 2003 field season we attempted to backpack 
electrofish the accessible portions of our sampling sites. Because of poor visibility, 
slippery substrates, and abrupt changes in bottom contour, this effort proved to be both 
ineffective and dangerous. For these reasons electro fishing events were limited in 
frequency and duration. 
In 2004 sampling began in late May and continued until mid August at ERP and 
OC and early September at DS and RSP. Gill nets were set at the same locations as 2003, 
and baited minnowtraps and quatrefoil lighted larval fish traps were set at each site. The 
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biweekly sampling runs were maintained for the duration. Dipnetting and electrofishing 
were both discontinued during the 2004 field season. 
River discharge and temperature data were taken from the USGS gaging stations 
at Munfordville, Kentucky (29.1 km upstream of MCNP) and Mammoth Cave National 
Park, Kentucky, respectively. In-cave temperature data were collected using a 
multiparameter probe at DS (NPS unpublished data) and with a standard field 
thermometer at all other sites. 
Statistical Methods 
Statistical analyses were conducted on data from 2004 using SYSTAT v. 11 
(Systat Software Inc., Richmond, CA USA) to examine the effect of flow reversal on 
larval fish CPUE. In order to test for differences in the presence of nontroglobitic fish 
between periods of flow reversal and normal flow conditions, we first had to synthesize a 
method to effectively distinguish between the two flow conditions at the daily scale. 
Because flow reversal does not occur under normal river flow conditions we used 
river discharge to designate each day as either "normal flow" or "flow reversal." We 
described any day on which the 2004 mean daily discharge was more than 1,000 cfs 
greater than the historic daily mean discharge as being a flow reversal event. Thirty-two 
days were designated as flow reversal and 65 days as normal flow. 
Because flow reversal events affect in-cave temperatures (Figure 2) the validity of 
the classification method was tested using temperature. We subtracted the 0 hour daily 
cave water temperature from the mean daily Green River temperature and subjected these 
data to a Kruskal-Wallis one-way analysis of variance to test for differences between the 
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flow reversal and normal flow groups. Significant differences (DS P<0.001; RSP 
P—0.019, ERP P=0.017) were found for all sites except OC (P=0.336) indicating that the 
described method for grouping dates as flow reversal or normal flow was effective. Owl 
Cave does not undergo flow reversal and would not be expected to show a significant 
difference. For discussion purposes the two in-cave flow conditions, "normal flow" and 
"flow reversal," refer to the significantly different groups defined above. 
While temperature regimes would be expected to change rapidly during and after 
flow reversal events, the effect of flow reversal on fish CPUE likely lasts for some period 
of time after the event actually occurs (i.e., it takes more than one sampling period after 
flow reversal ends to capture all the fish present as a result of that flow reversal event). 
As such, some period of time after a flow reversal may also be considered as affected by 
that flow reversal. We chose to include the two sampling periods (approximately 7 days) 
after the last day originally designated as a flow reversal event (based solely on river 
discharge) and repeated the statistical analysis performed above to test the grouping 
designation. The expanded designation technique was better at predicting temperature at 
all sites (DS P<0.001; RSP P<0.001\ ERP P<0.001) although OC was still not 
significant (P=0.091). This procedure yielded another cave-flow condition group, 
hereafter referred to as "flow reversal + 7." 
We then tested for differences in CPUE between periods of flow reversal and 
normal flow and flow reversal + 7 and normal flow at all sites and for the mean of all 
sites, excluding OC, using the Kruskal-Wallis one-way analysis of variance. Owl Cave is 
not considered in the analysis of the mean of all sites because it did not demonstrate flow 
reversal and is therefore a negative control. Only days on which samples were collected 
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were considered in the analysis to avoid the introduction of pseudreplication (Hurlbet 
1984) from nonindependent samples. 
RESULTS 
In total we captured 1849 fish during the 2003 and 2004 field seasons (Table 2). 
We identified 1018 individuals to species, 61 to genus, and 576 to family. The remaining 
194 individuals were unidentifiable. From these individuals 22 species representing 9 
families were identified. These families included Lepisostidae, Clupeidae, Cyprinidae, 
Catostomidae, Fundulidae, Poeciliidae, Cottidae, Centrachidae, and Percidae. Twelve of 
the species identified in our samples were previously undocumented in caves (Cicerello 
& Hannan 1991; Poly 2001) (Table 2). 
Gillnets were set for a total of 655 net nights yielding four fish. In 2003 two fish, 
a 203 mm white crappie (Pomoxis annularis) and a 162 mm common carp, were captured 
at DS and a 150 mm white crappie was captured at ERP. One fish, a 181 mm gizzard 
shad (Dorosoma cepedianum), was captured at DS in 2004 (Table 4). The common carp 
and ERP white crappie were both alive when they were removed from the net, while the 
other two fish were dead when retrieved. Gut content analyses revealed no food in the 
digestive tracts of any of the fish captured in gillnets. 
The majority of the individuals in our samples were captured in quatrefoil light 
traps and were larval or juvenile fish. In 2003, 369 individuals were captured during 39 
trap nights of sampling, yielding a CPUE of 9.5 fish per trap night. During the 2004 field 
season we captured 1463 fish in 267 trap nights resulting in a CPUE of 5.5 fish per trap 
night. Over the two field seasons, light traps were set for a total of 306 trap nights and 
captured 1832 fish. This approach yielded a CPUE 6.0 fish per trap night (Table 3). 
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Only one species, the common carp (Cyprinus carpio), recorded during this survey was 
absent from the light trap samples. 
Baited minnow traps yielded five fish over the course of the survey (Table 5). 
Three of these were troglophilic banded sculpins, one of which was captured at ERP in 
2003. The other two were captured in 2004 at OC. The two banded sculpins captured in 
minnow traps at OC were the only two fish captured at OC over the entire duration of the 
study. Dipnetting resulted in the capture of eight gizzard shad in 2003 and was 
discontinued for the 2004 field season. Backpack electrofishing failed to yield the 
capture of any nontroglobitic fishes in 1711 s of sampling in 2003. 
Statistical analysis revealed significant increase in light trap CPUE between days 
designated as normal flow and flow reversal for the mean of all sites (P=0.008), at DS 
(.P=0.001) and at RSP (.P=0.001) but not at ERP (.P=0.274). The analysis was repeated 
using the flow reversal + 7 grouping criteria. These tests resulted in significant 
differences between flow reversal + 7 and normal flow condition dates at DS (P<0.001), 
RSP (.P<0.001), ERP (.P=0.002), and for the mean CPUE of all sites (.P<0.001). The 
same statistical analyses were run both ways for OC data and no significant differences 
were found (flow reversal P>0.999; flow reversal + 7 P>0.999). 
DISCUSSION 
We found a positive relationship between flow reversal and the presence of larval 
and juvenile fishes in the subterranean rivers (Figure 3). Flow reversals carry Green 
River water and the organic material it contains into the subterranean environment. Fish, 
particularly those that are unable fight strong currents, are among this organic matter and 
are deposited in the caves as flow reversal subsides. These fish are ecologically 
14 
classified as accidentals, which if unable to find their way back to the surface most likely 
die. The 1849 fish that we captured in this study indicates that the entrainment and 
presumed subsequent death of larval and juvenile fish may represent an important energy 
input into the cave ecosystem. Of the 22 epigean fish species we identified in our 
samples, 12 of them do not appear on Poly's 2001 list of nontroglobitic fish species 
described in caves in throughout the world or as species recorded in the caves of the 
MCNP region in Cicerello and Hannan's (1991) report on Green River fishes in MCNP. 
Several important pieces of information are not known about the entrainment of 
larval/juvenile fish in the system. Firstly, we do not know if fish that are entrained by 
one flow reversal event may survive long enough to be washed out by a subsequent 
event. This ability would likely depend on the individual fish's species and life stage and 
the frequency of flow reversal events. Secondly, the number of fish that are killed by 
mechanical or physiological stressors during the entrainment process is not known. No 
attempt was made in this study to sample fish killed in the entrainment process. 
However, they may represent an important group from an energy input standpoint. 
Because the majority of the fish we captured were larval/juvenile stage they do 
not represent a large biomass. However, when we consider that the cave environment is 
completely devoid of photosynthetic primary productivity, it becomes apparent that even 
small energy inputs may be important. The input of nutrients and energy has been shown 
to significantly influence the biotic and abiotic characteristics of other low productivity 
aquatic ecosystems, such as headwater streams (Kinsman 1984) and oligotrophic lakes 
(Nydick et al. 2003; Lienesch et al. in press). These systems are fundamentally different 
from caves because of their potential for photosynthetic primary productivity. However, 
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their comparison to the system we studied holds some utility because fish represent a 
direct source of available energy instead of the indirect energy pathway produced from 
the introduction of nutrients into photosynthetic systems. The concept of fish as a source 
of energy input applies only if those fish are accidentals and die in the caves. The 
migration and subsequent death of semelparous anadromous fish provides an example of 
fish as an important energy source in low productivity environments (Willson & Halupka 
1995). Trogloxenes, troglophiles, or even accidental introductions that were able to 
survive for some period of time could have a completely different effect on the 
subterranean ecosystem. These fish could adversely affect indigenous cave species 
through competition, predation, or habitat disturbance (Fuller et al. 1999). Undoubtedly 
the dynamics of how fish contribute to and influence energy flow in the cave system is 
complicated and at this time poorly understood. However, powerful community ecology 
tools like stable isotope analysis may soon elucidate some of these intricacies (Compson 
2004). 
The data we collected further demonstrate that caves are not necessarily the static 
environments that we often envision. Flow reversals can change in-cave water 
temperatures more than 7° C in a matter of hours, dramatically alter flow regimens, and 
cause a pulse of energy input into the cave environment. From this standpoint, flow 
reversals may be an important factor influencing the indigenous cave fauna. The 
phenomenon of flow reversal as described in this study is a poorly documented 
elsewhere, but it likely occurs in other less-studied systems. 
What may be more prevalent than flow reversal is backflow. Backflow occurs 
when river water backs up into a subterranean river system but does not form the circuit 
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seen in flow reversal. In either case the cave receives direct input from the river and is 
thereby influenced by surface waters and the organic matter that settles out of it. Flow 
reversals are not limited to the summer low flow period that we studied. Autumn, winter, 
and spring events have also been observed (J. Meiman Mammoth Cave National Park 
Hydrologist, personal communication). 
The absence of rainbow trout from our in-cave sampling and a three year survey 
of cave springs and the Green River in the MCNP region (Lienesch, unpublished data) 
indicate that trout are not typically found inhabiting the deep cave habitat of MCNP as 
trogloxenes. It is further uncertain whether or not trout could effectively prey on 
Kentucky cave shrimp in total darkness. Therefore, at this time the evidence does not 
support the hypothesis that trout are an important predator of Kentucky cave shrimp in 
MCNP. 
The influence of common carp, however, may be a valid concern. Common carp 
have successfully invaded a variety of aquatic habitats across North America and 
elsewhere (Fuller et al. 1999). Their success is a result of their ability to live over a wide 
range of habitat and temperature regimens (Pflieger 1997). It seems likely that a benthic 
omnivore like the common carp could feed on cave crayfish and other invertebrates even 
in total darkness. We captured one individual of this species in our samples. The 
individual that we captured was a sub-adult, was alive and apparently healthy at the time 
of capture. Gut contents analysis revealed no items in the individual's digestive tract. 
This result is not conclusive, however, because gillnetting is not a capture method 
conducive to gut contents analysis (Bowen 1996) and because only one individual was 
captured during the study. Regardless, the capture of the common carp cannot be 
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overlooked because, in the energy poor cave environment, a few relatively large 
individuals could have an important effect. While no meaningful conclusions can be 
drawn from this one individual, it does demonstrate the potential for invasion of the cave 
ecosystem by a normative fish species. 
Because of the infrequency of captures and the lack of materials found during gut 
contents analysis, the ecological role of the adult fishes captured during this study is 
unclear. It is likely that the adult gizzard shad captured on August 12, 2004 is an 
accidental, resulting from the flow reversal events in early August. Conversley, the two 
white crappies captured in gillnets in 2003 may represent either troglophiles or 
accidentals; again, a paucity of data prohibits us from drawing a meaningful conclusion. 
Sampling Considerations 
We used a variety of gears and methods to collect fish over the course of this 
project with varied success (Table 1). Of the two active sampling methods, dipnetting 
and backpack electrofishing, neither proved effective under the set of conditions we 
encountered. Both of these methods have been used in previous studies and were found 
effective under other conditions or sampling regimens. Poly and Boucher (1996) used 
backpack electrofishing to sample sinking streams in West Virginia, but sinking steams 
represent different habitat and substrate than deep cave environments. We deemed the 
method inappropriate because even with multiple light sources visibility was poor and the 
substrate and fast changing bottom contour and depth made the method dangerous. 
Dipnetting was ineffective because sheer rock walls and steep mud slopes made large 
portions of our sampling sites inaccessible. Burr et al. (2001) used dipnetting in concert 
while wading to sample sculpins in Missouri caves. We made many attempts to net 
sculpins but were not able to do so on any occasion. To our knowledge gillnets, 
quatrefoil light traps, or baited minnow traps have never been utilized to sample fish in 
caves. Quatrefoil light traps were effective at capturing larval and juvenile notroglobitic 
fish in the cave environment. No troglobitic fishes were captured in these traps over the 
course of this project. Many invertebrates were captured in the light traps and 
qualitatively appeared to follow the same pattern of capture as nontroglobitic fish (i.e., 
abundance appeared to be positively correlated with flow reversal events). Numbers and 
species composition of invertebrates were not monitored, but no Kentucky cave shrimp 
were ever captured. The bulk of the invertebrates captured in light traps appeared to be 
epigean forms. 
Although gillnets did not yield a large number of fish, the individuals captured in 
them are important because they were adults or sub-adults. Adult fish represent the 
greatest possibility for point source impact on indigenous cave. Gillnet mesh size was 
chosen to capture rainbow trout but may have limited our ability to capture all sizes and 
species of adult fish. Although experimental gillnets would have produced less biased 
data, they could not be used because the size of our sampling sites limited the length of 
nets that could be set in them. Baited minnow traps demonstrated limited efficiency in 
capturing epigean fishes in this study. Aside from three adult banded sculpins, only two 
nontroglobitic fish, bluntnose minnows (Pimephales notatus), were captured in minnow 
traps. Minnow traps do appear to be effective at capturing both epigean and hypogean 
species of crayfish in the subterranean environment and may be useful in studies 
concerned with these taxa. 
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Management Implications 
Because the occurrence of flow reversal is dependent on the dynamic between 
local ground water level and river stage, upstream precipitation and anthropogenic water 
control are closely tied with the phenomenon. In the system we studied, the Green River 
Dam near Campbellsville, Kentucky (157.7 km upstream of MCNP) influences river 
stage in the park. The dam reduces peak flows in the spring and causes high flows during 
fall, when flows would be naturally low. In this way anthropogenic control of river water 
level directly influences important aspects of energy input into the cave ecosystem. 
Management of water release from dams for simulation of a more natural hydroperiod 
has recently been indicated as a concern for the conservation of many species of fish 
(Bain & Finn 1988; Humphries et al. 2002; Kingsolving & Bain 1993) and invertebrates 
(Grubbs & Taylor 2004; Perry et al. 1987), and overall ecosystem health (Barrow 1988; 
Pringle 2000; Richter et al. 1996). Improper management can theoretically lead to either 
an increase or decrease in the frequency of flow reversal or backflow events. From an 
energy input standpoint increasing the frequency of flow reversal events could cause 
eutrophication of the cave ecosystem and potentially open the system for colonization by 
species intolerant of the natural low energy environment. Conversely, reducing the 
frequency of flow reversal events would rob the ecosystem of the natural energy pulse 
regimen found before anthropogenic control was present. Water temperature in the caves 
affects not only the aquatic habitat but also the surrounding air temperature and humidity 
and therefore the terrestrial cave environment as well (Moore & Sullivan 1997; 
Humphreys 1991). In this way flow reversal and backflow affect the physical parameters 
of the aquatic and terrestrial cave ecosystem, as well as playing a role in the energy 
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dynamics of the system through the addition of nontroglobitic fish. As such, we argue 
that cave ecosystem health be added to the list of arguments for ecologically responsible 
management of dam water release. 
Table 1. Total number of fish captured, sampling period, sampling effort, and CPUE for each effective gear type used in 2003, 
2004 and the combination of both years. 
Gillnet 
2003 2004 
Fish Effort Date Date Fish Effort 
Captured CPUE Nights Set Pulled Captured CPUE Nights 
Dead Sea 2 0.05 41 24-Jun 4-Aug 1 0.01 97 
Echo River 1 0.01 120 25-Jun 4-Aug 0 0.00 185 
River Styx 0 0.00 41 24-Jun 4-Aug 0 0.00 84 















d CPUE Nights 
3 0.02 138 
1 0.00 305 
0 0.00 125 
0 0.00 113 
Light Trap 
Dead Sea 7 2.33 3 21 -Jul 24-Jul 468 4.82 97 27-May 31-Aug 475 4.75 100 
Echo River 267 14.83 18 3-Jul 21 -Jul 742 10.16 73 4-Jun 16-Aug 1009 11.09 91 
River Styx 97 5.39 18 3-Jul 21 -Jul 253 2.61 97 27-May 31-Aug 350 3.04 115 
Owl Cave 0 0.00 18 3-Jul 21 -Jul 0 0.00 73 4-Jun 16-Aug 0 0.00 91 
Minnow Trap 
Dead Sea 0 0.00 28 3-Jul 4-Aug 0 0.00 97 27-May 31-Aug 0 0.00 125 
Echo River 1 0.02 62 3-Jul 4-Aug 0 0.00 73 4-Jun 16-Aug 1 0.01 135 
River Styx 2 0.06 31 3-Jul 4-Aug 0 0.00 97 27-May 31-Aug 2 0.02 128 
Owl Cave 0 0.00 31 3-Jul 4-Aug 2 0.03 73 4-Jun 16-Aug 2 0.02 104 
Dipnet 
Dead Sea 0 0.00 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Echo River 8 4.00 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
River Styx 0 0.00 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 






Table 2. Species and abundance data for all fish captured with all gears at each site 
and in total for 2003, 2004, and combination of both years. * denotes species not 
previously recorded in caves based on Poly (2001) and Cicerello and Hannan (1991). 
2003 2004 Combined 
Species Total DS ERP RSP OC Total DS ERP RSP OC Total DS ERP RSP OC 
Lepisoteus osseus* 0 0 0 0 0 8 8 0 0 0 8 8 0 0 0 
Dorosoma cepedianum* 159 0 157 2 0 515 42 452 21 0 674 42 609 23 0 
Family Cyprinidae 9 0 4 5 0 148 87 35 26 0 157 87 39 31 0 
Cyprinus carpio 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 
Notropis volucellus 0 0 0 0 0 17 17 0 0 0 17 17 0 0 0 
Pimephales notatus 24 0 3 21 0 78 59 0 19 0 102 59 3 40 0 
Semotilus atromaculatus 0 0 0 0 0 5 0 5 0 0 5 0 5 0 0 
Family Catostomidae 0 0 0 0 0 266 86 79 101 0 266 86 79 101 0 
Hypentiiium nigricans 0 0 0 0 0 12 1 4 7 0 12 1 4 7 0 
Moxostoma sp. 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 
Moxostoma erythrurum* 2 0 1 1 0 5 0 0 5 0 7 0 1 6 0 
Fundulus sp. 0 0 0 0 0 2 2 0 0 0 2 2 0 0 0 
Gambusia affinis* 0 0 0 0 0 5 5 0 0 0 5 5 0 0 0 
Cottus carolinae 1 0 1 0 0 4 0 0 2 2 5 0 1 2 2 
Family Centrarchidae 41 4 17 20 0 61 53 8 0 0 102 57 25 20 0 
Ambloplites rupestris 0 0 0 0 0 8 4 4 0 0 8 4 4 0 0 
Lepomis sp. 11 0 6 5 0 24 13 9 2 0 35 13 15 7 0 
Lepomis macrochirus 0 0 0 0 0 5 2 2 1 0 5 2 2 1 0 
Lepomis megalotis* 2 2 0 0 0 0 0 0 0 0 2 2 0 0 0 
Micropterus sp. 3 0 1 2 0 1 1 0 0 0 4 1 1 2 0 
Micropterus dolomieu* 0 0 0 0 0 3 0 3 0 0 3 0 3 0 0 
Micropterus punctuiatus* 5 0 5 0 0 138 46 74 18 0 143 46 79 18 0 
Pomoxis annularis* 2 1 1 0 0 2 1 1 0 0 4 2 2 0 0 
Family Percidae 15 0 3 12 0 36 1 10 25 0 51 1 13 37 0 
Etheostoma sp. 11 0 1 10 0 7 0 0 7 0 18 0 1 17 0 
Etheostoma caeruleam* 1 0 0 1 0 2 0 0 2 0 3 0 0 3 0 
Etheostoma nigrum 0 0 0 0 0 2 1 0 1 0 2 1 0 1 0 
Etheostoma zonale 1 0 0 1 0 5 1 2 2 0 6 1 2 3 0 
Percina sp. 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 
Percina caprodes* 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 
Percina copelandi* 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 
Percina evides* 0 0 0 0 0 4 0 4 0 0 4 0 4 0 0 
UNIDENTIFIABLE 95 1 77 17 0 99 39 48 12 0 194 40 125 29 0 
TOTAL 383 9 277 97 0 1466 469 742 253 2 1849 478 1019 350 2 
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Table 3. Species and abundance data for all fish collected in quatrefoil larval fish 
traps at each sampling site in 2003 and 2004 and combination of both field seasons, 
as well as total fish captured, sampling effort, and CPUE. * denotes species not 
previously recorded in caves based on Poly (2001) and Cicerello and Hannan (1991). 
2003 2004 Combined 
Species Total DS ERP RSP o c Total DS ERP RSP o c Total DS ERP RSP o c 
Lepisoteus osseus' 0 0 0 0 0 8 8 0 0 0 8 8 0 0 0 
Dorosoma cepedianum" 151 0 149 2 0 514 41 452 21 0 665 41 601 23 0 
Family Cyprinidae 9 0 4 5 0 148 87 35 26 0 157 87 39 31 0 
Cyprinus carpio 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Notropis volucellus 0 0 0 0 0 17 17 0 0 0 17 17 0 0 0 
Pimephales notatus 22 0 3 19 0 78 59 0 19 0 100 59 3 38 0 
Semotilus atromaculatus 0 0 0 0 0 5 0 5 0 0 5 0 5 0 0 
Family Catostomidae 0 0 0 0 0 266 86 79 101 0 266 86 79 101 0 
Hypentiiium nigricans 0 0 0 0 0 12 1 4 7 0 12 1 4 7 0 
Moxostoma sp. 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 
Moxostoma erythrurum* 2 0 1 1 0 5 0 0 5 0 7 0 1 6 0 
Funduius sp. 0 0 0 0 0 2 2 0 0 0 2 2 0 0 0 
Gambusia affinis' 0 0 0 0 0 5 5 0 0 0 5 5 0 0 0 
Cottus carolinae 0 0 0 0 0 2 0 0 2 0 2 0 0 2 0 
Family Centrarchidae 41 4 17 20 0 61 53 8 0 0 102 57 25 20 0 
Ambiopiites rupestris 0 0 0 0 0 8 4 4 0 0 8 4 4 0 0 
Lepomis sp. 11 0 6 5 0 24 13 9 2 0 35 13 15 7 0 
Lepomis macrochirus 0 0 0 0 0 5 2 2 1 0 5 2 2 1 0 
Lepomis megaiotis* 2 2 0 0 0 0 0 0 0 0 2 2 0 0 0 
Micropterus sp. 3 0 1 2 0 1 1 0 0 0 4 1 1 2 0 
Micropterus doiomieu* 0 0 0 0 0 3 0 3 0 0 3 0 3 0 0 
Micropterus punciuiatus* 5 0 5 0 0 138 46 74 18 0 143 46 79 18 0 
Pomoxis annularis* 0 0 0 0 0 2 1 1 0 0 2 1 1 0 0 
Family Percidae 15 0 3 12 0 36 1 10 25 0 51 1 13 37 0 
Etheostoma sp. 11 0 1 10 0 7 0 0 7 0 18 0 1 17 0 
Etheostoma caeruieum* 1 0 0 1 0 2 0 0 2 0 3 0 0 3 0 
Etheostoma nigrum 0 0 0 0 0 2 1 0 1 0 2 1 0 1 0 
Etheostoma zonaie 1 0 0 1 0 5 1 2 2 0 6 1 2 3 0 
Percina sp. 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 
Percina caprodes* 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 
Percina copeiandi* 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 
Percina evides* 0 0 0 0 0 4 0 4 0 0 4 0 4 0 0 
UNIDENTIFIABLE 95 1 77 17 0 99 39 48 12 0 194 40 125 29 0 
TOTAL 369 7 267 95 0 1463 468 742 253 0 1832 475 1009 348 0 
EFFORT (net nights) 39 3 18 18 18 267 97 97 73 73 306 100 115 91 91 
CPUE 9.5 2.3 14.8 5.3 0.0 5.5 4.8 7.6 3.5 0 6.0 4.8 8.8 3.8 0 
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Table 4. Species and abundance data for all fish collected in gillnets at each sampling 
site in 2003 and 2004 and combination of both field seasons, as well as total fish 
captured, sampling effort, and CPUE. * denotes species not previously recorded in 
caves based on Poly (2001) and Cicerello and Hannan (1991). 
2003 2004 Combined 
Species Total DS ERP RSP OC Total DS ERP RSP OC Total DS ERP RSP OC 
Dorosoma cepedianum* 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 
Cyprinus carpio 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 
Pomoxis annularis* 2 1 1 0 0 0 0 0 0 0 2 1 1 0 0 
TOTAL 3 2 1 0 0 1 1 0 0 0 4 3 1 0 0 
EFFORT (net nights) 242 41 120 41 40 413 97 219 97 73 655 138 339 138 113 
CPUE 0.01 0.05 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 
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Table 5. Species and abundance data for all fish collected in minnow traps at each 
sampling site in 2003 and 2004 and combination of both field seasons, as well as total 
fish captured, sampling effort, and CPUE based on Poly (2001) and Cicerello and 
Hannan (1991). 
2003 2004 Combined 
Species Total DS ERP RSP OC Total DS ERP RSP OC Total DS ERP RSP OC 
Pimephales notatus 2 0 0 2 0 0 0 0 0 0 2 0 0 2 0 
Cottus carolinae 1 0 1 0 0 2 0 0 0 2 3 0 1 0 2 
TOTAL 3 0 1 2 0 2 0 0 0 2 5 0 1 2 2 
EFFORT (net nights) 210 28 120 31 31 256 97 62 97 73 466 125 182 128 104 
CPUE 0.01 0.00 0.01 0.06 0.00 0.01 0.00 0.00 0.00 0.03 0.01 0.00 0.01 0.02 0.02 
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Figure 1. Evidence of a Dead Sea flow reversal event from winter of 2000 recorded by 
the multi-parameter probe at a site in Mammoth Cave National Park (used with 
permission from J. Meiman Mammoth Cave National Park Hydrologist). Flow reversal 
events are characterized by a rapid increase in specific conductance and stage, and an 
increase or decrease in temperature depending on season. 
Figure 2. Daily historic mean flow and 2004 mean daily flow from USGS gaging station 
at Munfordville, KY and 2004 cave water temperature at Dead Sea. Cave temperature 
fluctuates rapidly in early summer as flow reversals occur and as warm water is 
subsequently flushed out by ground water influx. Two well defined flow reversal events 
occur in early August following peaks in Green River discharge. 
Figure 3. Temperature and CPUE (in fish per trap night) at Dead Sea from the 2004 
larval fish trap data. August peak in temperature is indicative of a flow reversal event 
and is mimicked by a peak in CPUE, demonstrating effect of flow reversal on the 




o o o o o o o o 
o o o o o o o o 
CN CN CN CN CN C\J CN CN 
r ^ o T— o5 i n 
CN CD CN 
LO CD CD CD 
N- N" N" N" N" 
o o o o O o 
o o o o O o 
CN OJ CN CN CN CN 
CN cB CN oS CD 
CN CN oo ^ ^ CN 





Bain, M. B., and J. T. Finn. 1988. Streamflow regulation and fish community structure. 
Ecology 69:382-392. 
Barr, T. C. 1960. Introduction to symposium: speciation and raciation in cavernicoles. 
The American Midland Naturalist 64:1-9. 
Barrow, C. 1988. The impact of hydroelectric development on the Amazonian 
environment: with particular reference to the Tucurui. Journal of Biogeography 
15:67-78. 
Berti, R., J. P. Durand, S. Becchi, R. Brizzi, N. Keller, and G. Ruffat. 2001. Eye 
degeneration in the blind cave-dwelling fish Phreatichthys andruzzii. Canadian 
Journal of Zoology 79:1278-1285. 
Bowen, S. H. 1996. Quantitative description of the diet. Pages 513-532 in B. R. Murphy 
and D. W. Willis, editors. Fisheries Techniques: second Edition. American 
Fisheries Society, Bethesda, Maryland. 
Burr, B. M., G. K. Adams, J. K. Krejca, R. J. Paul, and M. L. Warren, Jr. 2001. 
Troglomorphic sculpins of the Cottus carolinae species group in Perry County, 
Missouri: distribution, external morphology, and conservation status. 
Environmental Biology of Fishes 62:279-296. 
Cicerello, R. R., and R. R. Hannan. 1991. Survey and review of the fishes of Mammoth 
Cave National Park, Kentucky. Kentucky State Nature Preserves Commission. 
Frankfort, Kentucky. 
Culver, D. C., T. C. Kane, and D. W. Fong. 1995. Adaptation and natural selection in 
caves: The evolution of Gammarus minus. Harvard University Press, Cambridge, 
Massachusetts. 
Compson, Z. G. 2004. An isotopic examination of cave, spring and epigean trophic 
structures in Mammoth Cave National Park. Master's thesis. Western Kentucky 
University, Bowling Green. 
Dougherty, P. H., R. A. Jameson, S. R. Worthington, G. N. Huppert, B. J. Wheeler, and J. 
W. Hess. 1998. Karst regions of the Eastern United States with special emphasis 
in the Friars Hole Cave System, West Virginia. Pages 137-155 in Y. Daoxian and 
L. Zaihau, editors. Global Karst Correlation. Science Press, New York. 
Espinasa, L., P. Rivas-Manzano, and H. Espinosa Perez. 2001. A new blind cave fish 
population of the genus Astyanax: geography, morphology and behavior. 
Environmental Biology of Fishes 62:339-344. 
31 
Floyd, K. B., W. H. Courtenay, and R. D. Hoyt. 1984. A new larval fish light trap: the 
quatrefoil light trap. The Progressive Fish Culturist 46:216-219. 
Fuller, P. L., L. G. Nico, and J. D. Williams. 1999. Nonindigenous Fishes: Introduced 
into Inland Waters of the United States. American Fisheries Society, Bethesda, 
Maryland. 
Glennon, J. A. 2001. Application of morphometric relationships to active flow networks 
within the Mammoth Cave watershed. Master's thesis. Western Kentucky 
University, Bowling Green. 
Grubbs, S. A., and J. M. Taylor. 2004. The influence of flow impoundment and river 
regulation on the distribution of riverine macroinvertebrates at Mammoth Cave 
National Park, Kentucky, U.S.A. Hydrobiologia 520:19-28. 
Hermes, K., T. Sloan, T. Wethington, and D. White. 2001. Kentucky's threatened and 
endangered species. KDFWR (Kentucky Department of Fish and Wildlife 
Resources), Frankfort. 
Hocutt, C. H., R. F. Denoncourt, and J. R. Stauffer, Jr. 1982. Observations of behavioral 
responses of fish to environmental stress in situ. Journal of Applied Ecology 
19:443-451 
Hubert, W. A. 1996. Passive capture techniques. Pages 157-182 in B. R. Murphy and D. 
W. Willis, editors. Fisheries Techniques: second Edition. American Fisheries 
Society, Bethesda, Maryland. 
Humphreys, W. F. 1991. Experiemental re-establishment of pulse-driven populations in a 
terrestrial troglobite community. Journal of Animal Ecology 60:609-623. 
Humphries, P., L. G. Serafini, and A. J. King. 2002. River regulation and fish larvae: 
variation through space and time. Freshwater Biology 47:1307-1331. 
Hurlbert, S. A. 1984. Pseudoreplication and the design of ecological field experiments. 
Ecological Monographs 54:187-211. 
Jeffery, W. R. 2001. Cavefish as a model system in evolutionary developmental biology. 
Developmental Biology 231:1-12. 
Jones, R., D. C. Culver, and T. C. Kane. 1992. Are parallel morphologies of cave 
organisms the result of similar selection pressures? Evolution 46:353-365. 
Kingsolving, A. D., and M. B. Bain. 1993. Fish assemblage recovery along a riverine 
disturbance gradient. Ecological Applications 3:531-544. 
32 
Kinsman, D. J. J. 1984. Ecological effects of deposited S and N compounds: effects on 
aquatic biota. Philosophical Transactions of the Royal Society of London 
305:479-485. 
LeGrand, H. E. 1973. Hydro logical and ecological problems of karst regions. Science 
179:859-864. 
Leithauser, A. T. and J. R. Holsinger. 1983. Ecological analysis of the Kentucky cave 
shrimp, Palaemonias ganteri hay, Mammoth Cave National Park (Phase IV). Old 
Dominion University Research Foundation. United States Department of the 
Interior, National Park Service, Atlanta, Georgia. 
Lienesch, Philip W., Michael E. McDonald, Anne E. Hershey, W. John O'Brien & Neil 
D. Bettez. In press. Effects of a whole-lake, experimental fertilization on lake 
trout in a small oligotrophic arctic lake. Hydrobiologia. In Press. 
Moore, G. W., and N. Sullivan. 1997. Speleology: Caves and the Cave Environment. 
Cave Books, St. Louis, Missouri. 
Nydick, K. R., B. M. Lafrancois, J. S. Baron, and B. M. Johnson. 2003. Lake-specific 
responses to elevated atmospheric nitrogen deposition in the Colorado Rocky 
Mountains, U.S.A. Hydrobiologia 510:103-114. 
Packard, A. S. 1875. The invertebrate cave fauna of Kentucky and adjoining states. The 
American Naturalist 9:274-278. 
Palmer, A. N. 2002. Speleogenesis in carbonate rocks. Pages 43-59 in F. Gabrovsek 
editor. Evolution of Karst: From Prekarst to Cessation. Institut za raziskoavnje 
krasa ZRC SAZU, Zalozba ZRC. 
Parry, J. W., S. N. Peirson, H. Wilkens, and J. K. Bowmaker. 2003. Multiple 
photopigments from the blind cavefish, Astyanax fasciatus: a 
microspectrophotometric study. Vision Research 43:31-42. 
Perry, S. A., W. B. Perry, and J. A. Stanford. 1987. Effects of thermal regime on size, 
growth rates and emergence of two species of stoneflies (Plecoptera: 
Taeniopterygidae, Pteronarcyidae) in the Flathead River, Montana. American 
Midland Naturalist 117:83-93. 
Pflieger, W. L. 1997. The Fishes of Missouri. Missouri Department of Conservation, 
Jefferson City. 
Poly, W. J., and C. E. Boucher. 1996. Nontroglobitic fishes in caves: their abnormalities, 
ecological classification and importance. American Midland Naturalist 136:187-
198. 
33 
Poly, W. J. 2001. Nontroglobitic fishes in Bruffey-Hills Creek Cave, West Virginia, and 
other caves worldwide. Environmental Biology of Fishes 62:73-83. 
Poulson, T. L., and W. B. White. 1969. The cave environment. Science 165:971-981. 
Pringle, C. M. 2000. Threats to U.S. public lands from cumulative hydrologic alterations 
outside of their boundaries. Ecological Applications 10:971-989. 
Putnam, F. W., and A. S. Packard. 1871. The Mammoth Cave and its inhabitants. The 
American Naturalist 5:739-761. 
Richter, B. D., J. V. Baumgartner, J. Powell, and D. P. Braun. 1996. A method for 
assessing hydrologic alteration within ecosystems. Conservation Biology 
10:1163-1174. 
Simon, K. S. and A. L. Buikema. 1998. Effects of organic pollution on an Appalachian 
cave: Changes in macroinvertebrate populations and food supplies. American 
Midland Naturalist 138:387-401. 
Thompson, B. and J. Thompson. 2003. Mammoth Cave and the Kentucky Cave Region. 
Tempus Publishing Inc., Charleston, South Carolina. 
Torgersen, C. E., D. M. Price, H. W. Li, and B. A. Mcintosh. 1999. Multiscale thermal 
refugia and stream habitat associations of chinook salmon in northeastern Oregon. 
Ecological Applications 9:301-319. 
USGS (United States Geological Survey). 2005. Kentucky streamflow data. USGS. 
Available:http://waterdata.usgs.gov/ky/nwis/current?type=flow&group_key=basi 
n_cd&search_site_no_station_nm= (April 2005). 
USGS (United States Geological Survey). 2002. Pesticides and nutrients in karst springs 
in the Green River Basin, Kentucky, May-September 2001. USGS, Fact Sheet 
133-01, Louisville. 
Weber, A. and H. Wilkens. 1998. Rhamdia macuspanenis: A new species of troglobitic 
Pimeloid catfish (Siluriformes; Pimeloidae) from a cave in Tobasco, Mexico. 
Copeia 1998:998-1004. 
Wilson, M. F., and K. C. Halupka. 1995. Anadromous fish as keystone species in 
invertebrate communities. Conservation Biology 9:489-497. 
